We retrospectively analyzed 124 consecutive patients with glioma. These patients had been treated at our institute between 2006 and 2009. Ninety-six of these cases of glioma were malignant gliomas. Pathological confirmation was obtained in all patients. The histological diagnosis was established by the World Health Organization classification. Eleven of the 96 patients were judged to have spinal leptomeningeal dissemination, if there was a symptom related to the leptomeningeal seeding, we checked the whole spinal MRI. Spinal leptomeningeal dissemination
gliomas to some extent, and so in proportion to long-term survivors, there is a growing population of patients who experience intracranial and/or spinal disseminations. However, reports on leptomeningeal dissemination of malignant gliomas are rare 15) . Furthermore, the natural history and risk factors associated with spinal leptomeningeal dissemination in patients with malignant gliomas are unclear 7) . The present report retrospectively followed up eleven consecutive patients who had spinal seeding of malignant glioma and we analyzed the clinical features of leptomeningeal dissemination.
INTRODUCTION
The rate of leptomeningeal dissemination from malignant glioma may be underestimated. There were 2% 17) and 3.1% 13) clinically reported leptomeningeal dissemination rate from malignant glioma. But, autopsy studies have shown a high incidence of leptomeningeal seeding 5, 16) . Some autopsy studies reported 6% 16) , 20% 8) , and 21% 18) incidence of spinal seeding from glioblastoma. One of the reasons for this is that rapid disease progression results in the loss of surveying for leptomeningeal dissemination. This fact is supported as dissemination appears to occur more frequently in young patients and in patients with prolonged survival times 9) . The new treatment modalities and recent advances in neurosurgical diagnosis allow achieving local control of malignant sion), partial response (PR : 50% decrease in the sum of the products of the maximum perpendicular diameters of the targeted lesion), stable disease (SD : no clinical progression, with 50% reduction or 25% increase in the sum of the products of the maximum perpendicular diameters of the targeted lesion), and progressive disease (PD : increase in the volume of the targeted lesion) 12) . The Kasnofsky performance scale (KPS) 11) was checked when the patients were diagnosed with spinal leptomeningeal dissemination.
RESULTS
The group was composed of 9 males and 2 females (Table 1) . The mean age of the patients at the time of the initial presentation was 42.8±10.3 years. All the patients were treated with radiotherapy and chemotherapy following the surgery for their intracranial lesions. One of them was given spinal radiotherapy (case 2). The tumors were located on the left periventricular area in Case 1 (Fig. 1A) , the right parietal cortex in Case 2 ( Fig. was defined as contrast-enhancing leptomeninges with diffuse or enhancing mass lesions at the spinal canal. The spinal dissemination types were classified as the diffuse type (diffuse enhancement of the subarachnoid space on spinal MRI), nodular type (nodular tumor mass) and mixed type (both diffuse enhancement and nodular mass lesion).
The tumor location, the presence of a ventricular opening and the type of spinal dissemination were analyzed. The protein content of the cerebrospinal fluid (CSF) was checked to investigate the relation between leptomeningeal dissemination and the CSF protein level. The CSF cytology was also checked.
The statistical analyses were conducted using SPSS 12.0 for Windows (SPSS, Inc., Chicago, IL, USA). Numerical variables were expressed as the mean±standard error of the mean. Progression-free survival was measured from the start of the concurrent therapy to tumor progression. Overall survival was calculated from the date of the histological diagnosis to death or the last date of follow-up. At the time of diagnosis of spinal dissemination, the state of the primary lesion was evaluated as complete response (CR : complete disappearance of the targeted le- All the cases showed clinical events of ventricular opening mechanically during the operation. Among the 96 malignant gliomas in our series, ventricular entry occurred in thirty-five cases. No such dissemination occurred in malignant glioma patients without ventricular opening during the surgery.
Six of our cases died (Cases 1, 5, 6, 8, 9 and 11) and the others (Cases 2, 3, 4, 7 and 10) are alive during the observation period. In the 6 expired cases, the mean survival time from the dissemination to death was 2.3±1.2 months. The mean time between the operation with opening the ventricle (s) and the diagnosis of dissemination was 10.7±6.6 (3-21) months in gliblastoma, 15.0±10.4 (4-28) months in WHO grade 3 glioma, and 12.3±7.9 (3-28) months totally. The mean overall survival after dissemination was 2.7±1.3 months.
All the patients revealed the symptoms of leptomeningeal dissemination ( Table 2 ). Eight of them initially presented with mental change due to intracranial dissemination and three of them presented with spinal symptoms. The 8 patients initially presented with intracranial dissemination finally showed spinal symptoms such as weakness of extremities and they were diagnosed spinal dissemination. In six patients (Cases 1, 2, 3, 4, 7 and 10), intrathecal chemotherapy, composed of methotrexate were given. In particular, we tried new systemic chemotherapy for Cases 3, 7 and 10. It was the combination of bevacizumab and irinotecan 19) . There were eight patients in the diffuse type of spinal seeding (Fig. 1B) , one patient in the nodular type (Fig. 2B) , and two patients in the mixed type of spinal seeding (Fig. 3B) . The patients in the nodular and mixed type of spinal seeding presented with paresthesia or weakness symptoms of extremities. Diffuse type patients presented with mental change, initially. We performed a surgical operation on Case 2 (nodular type spinal dissemination) and we could confirm the pathology as spinal dissemination.
CSF studies were done in Cases 1, 2, 3, 4, 7, 9, 10 and 11. In Cases 5, 6 and 8, we couldn't retrospectively find the CSF pro-2A), the left temporal lobe in Case 3, the right insular lobe in Case 4, the right frontal lobe in Case 5, the genu of the corpus callosum and the frontal horn of both lateral ventricles in Case 6, the left insular lobe and the trigone of the left lateral ventricle in Case 7 (Fig. 3A) , the right temporal lobe in Case 8, the cerebellar vermis in Case 9, the right temporo-occipital lobe in Case 10 and the left frontal lobe in Case 11. And, all the tumors of 11 patients were in contact with CSF pathway ( pial space or ventricle space).
The enrolled patients underwent surgery for the treatment of intracranial tumors. The histological diagnosis of their initial intracranial tumors were 4 primary glioblastoma, 3 anaplastic astrocytoma, 1 anaplastic oligoastrocytoma, 2 ganglioglioma and 1 pleomorphic xanthoastrocyotma with anaplastic features (Table 1). The one astrocytoma (case 2) and two gangliogliomas progressed to glioblastomas finally. The state of primary lesion was PD in nine patients and SD in two patients, at the time of diagnosis spinal dissemination. The two SD patients were all secondary glioblastomas (case 2, 3). The median KPS at the diagnosis of spinal dissemination was 70 (range 40-90). Gross to- 16) reported the protein content of the CSF tended to decline after resection of the tumor, and it showed rapid increases preceding or simultaneous with the onset of symptoms due to spinal dissemination. They also regarded the presence of malignant cells in the CSF as one of the criteria for leptomeningeal dissemination 14) . However, false negative results are frequent on a CSF cytological examination 3, 4) . Our present report did not show positive cytologic findings. Even though Case 2 was confirmed to have the same tumor tissue at the leptomeningeal disseminated site with intracranial glioma through the operation, there were no positive cytologic findings in the CSF profile. But, an elevated protein content in the CSF was reported in all of our cases. According to these aspects, we agree with the other opinions that the protein content of the CSF is more remarkable indicator than a cytologic examination for leptomeningeal dissemination of malignant gliomas 2, 16) . Our cases revealed that the mean time between the operation with opening the ventricle(s) and the diagnosis of dissemination was 12.3±7.9 (3-28)months. Another study documented that the mean time was 12.7±10.2 months 16) . But these periods were longer than expected considering usual overall survival of malignant gliomas. Therefore, we should know that earlier detection of disseminated lesion could be resulted from the meticulous follow-up examination with especial attention to leptomeningeal dissemination and routine clinical use of MR imaging.
In Cases 2 and 3, the state of intracranial lesion was stable, but spinal leptomeningeal dissemination occurred. These facts showed that leptomeningeal dissemination can develop without progression of the intracranial primary lesion.
Most spinal dissemination of malignant glioma occurred in elderly patients from our cases. But Arita et al. 2) and Yung et al. 20) reported the frequent spinal dissemination occurred in young patients. Moreover, Arita et al. 2) reported larger proportion of leptomeningeal dissemination rate in children than in adult patient. The higher incidence of spinal leptomeningeal dissemination at the younger age can be explained in two ways. "First, the tumor cells in gliomas of younger patients may have a biological character prone to cause leptomeningeal dissemination. No cellular or molecular biological evidence exists to support this hypothesis. Second, meningeal spread has been reported to develop in patients with longer survivals. In general, younger patients with malignant gliomas live longer than the older patients and therefore, meningeal dissemination is more frequently seen in the younger patients" 2, 15, 20) . The diffuse and mixed type of spinal seeding are uncontrollable. But, there is operability in pure nodular type, such as our case 2. So this nodular type of spinal seeding may be more controllable. However, we had a few cases, hence additional studies are required to clarify any difference.
There is no satisfactory treatment for spinal metastasis. Surgical decompression allows for confirming the diagnosis and it may be helpful to control pain. However, leptomeningeal mefiles. All the eight cases showed an elevated protein level at least 3 times that of the normal range and 100 times at the most (152 -3,660 mg/dL). However, the cytological results were negative in all the eight patients. Otherwise, among the malignant glioma patients who didn't have a event of leptomeningeal dissemination, 6 patients were performed CSF studies and showed normal or slightly increased protein level of CSF (50-86 mg/dL). The difference of CSF protein level was significant between the patients with spinal dissemination and the patients without it (p<0.05 Student t-test).
DISCUSSION
The prior reports have shown various incidences of leptomeningeal dissemination from malignant gliomas. Choucair et al. 6) reported the incidence to be 5.0% and 8.5% for the patients with glioblastomas and anaplastic gliomas, respectively. Grabb et al. 9) found that 11 of 33 children with supratentorial malignant gliomas developed leptomeningeal dissemination. Other reports described that patients with hemispheric glioblastoma had spinal seeding in 6% 16) , 21% 18) and 20% 8) . But these prior reported cases were from autopsy series, so the incidence is different from that of the ante-mortem studies. Another recent report showed that the incidence of intracranial and spinal dissemination was 25% and 8.8%, respectively, in an ante-mortem series 14) . In our study, the incidence of leptomeningeal dissemination was 8.8% in the patients with gliomas and 11.4% in the patients with malignant gliomas. Since most patients do not survive long enough for spinal metastasis to develop, symptomatic CSF dissemination occurs relatively late in the course of malignant gliomas 1) . But it is clear that with the help of advanced diagnostic tools and neurosurgical treatment modalities, the incidence of leptomeningeal dissemination in patients with malignant gliomas is increasing. Some reports have speculated that opening the ventricles during surgery may increase the risk of CSF dissemination 8, 16) , but few studies in the literature have specifically analyzed this factor 9, 17) . Erlich and Davis 8) reported that surgery may be a predisposing factor for the development of subarachnoid metastases. Grabb et al. 9) reported that breaching the ependyma increases the risk of dissemination. However, there is no definite evidence that the surgical expansion of tumor to the ventricular system results in leptomeningeal dissemination. Elliott et al. 7) reported that surgical opening of ventricle was not associated with leptomeningeal dissemination. But most of the prior studies suggested that opening the ventricles may be a risk factor for leptomeningeal dissemination. The present study also suggest a relationship between ventricular opening and leptomeningeal dissemination for patients malignant gliomas. However, in order to confirm the statistical relationship, we need more cases with longer follow up periods.
The increased protein contents of the CSF may be a candidate marker of leptomeningeal dissemination. CSF studies were performed in our leptomeningeal dissemination cases and these tastases are often not amenable to surgical decompression because of the diffuse infiltrating nature of the disease 10) . In our cases, we tried intrathecal methotrexate chemotherapy in Cases 1, 2, 3, 4, 7 and 10. Especially in the Cases 3, 7 and 10, we applied a combination therapy of bevacizumab plus irinotecan 19) . These therapies have not yet produced satisfactory outcomes. But we expect these new trials with chemotherapy drugs and novel therapeutic agents will improve not only the patient's survival rate, but also their devastating symptoms that are related to leptomeningeal dissemination.
CONCLUSION
We observed 11 cases of spinal dissemination from malignant glioma, in which all of the cases had a history of surgical opening of the ventricle and the elevated protein content of CSF may be a candidate marker of leptomeningeal dissemination. Even though a tumor involves the ventricular system, physicians must be careful not to open the ventricular system during the operation. But, unfortunately, if ventricular entry had occurred during the operation, we should frequently check up spinal imaging in order to detect leptomeningeal dissemination early. And, if malignant glioma patients present with spinal symptoms, then physicians should consider the possibility of spinal dissemination from malignant gliomas.
